Abstract-In many industrial areas, the localization method using the active radio signal is widely used due to its reliability under indoor environment compared with global positioning system (GPS). Received signal strength (RSS) and angle of arrival (AOA) measurement based localization is a commonly used scheme for location estimation using active radio source from a target. In this paper, we propose the hybrid localization method using RSS and AOA measurement that has advantages of each localization scheme. However, the measurement noise in RSS and AOA data causes the estimation inaccuracy of a target location. In order to improve the localization accuracy, Newton method is applied to hybrid localization model based objective function that denotes the amount of estimation error. The optimal solution of a target location is acquired through the iteration process based on hybrid localization model and Newton method. Some simulation results demonstrate the effectiveness of our proposed scheme.
I. INTRODUCTION
The localization method using an active radio signal has received great interest in accordance with the development of location based services such as augmented/virtual reality platform, mobile application, and internet of things. Although recent GPS technology shows the high localization performance, there is an accuracy limitation for indoor or urban environment localization due to jamming. Recently, the localization methods using the object that transmits the active radio signal such as time of arrival (TOA), time difference of arrival (TDOA), and frequency difference of arrival (FDOA) are widely used [1] - [3] . The location of a target can be estimated using the various characteristics of the active radio signal transmission. Moreover, the active radio signal based localizations are almost free from spatial constraints since the base station that receives the radio signal from a target can be arranged freely.
In many localization methods, RSS and AOA based localizations are widely used due to their location estimation accuracy and efficiency. The RSS based localization uses the trilateration approach in which the distance between a target and base station is determined by measured propagation path losses of radio signal. The AOA based localization uses the measurement angle data of signal incidence on an antenna array from base station [4] , [5] . Although the RSS and AOA based localization determines relatively accurate location of a Manuscript received August 3, 2018; revised December 12, 2018. The authors are with the department of electrical and computer engineering, Sungkyunkwan University, Suwon, Korea (e-mail: lhw2065@skku.edu, naman2001@skku.edu, khyou@skku.edu).
target compared to GPS, there exist the noise factors such as signal disruption and interference.
The measurement noise problem that causes the estimation inaccuracy of a target location is the most significant issue in localization. To improve the localization accuracy, Nerguizian [6] proposed a fingerprinting technique using the channel's impulse response information in conjunction with an artificial neural network. The proposed fingerprinting technique used for the geolocation of the studied mine gave an accurate mobile station location. Wang [7] proposed the Monte Carlo importance sampling technique in order to find an approximate global solution of localization problem. Moreover, the efficient importance function was obtained by the Gaussian distribution and probability density function. Jung [8] suggested the indoor localization using TDOA measurements through LED ceiling lamps. A unique frequency address that is assigned to each LED lamp was used to identify each signal.
In this paper, the hybrid localization model using both RSS and AOA measurements is formulated. The hybrid scheme can improve localization performance and reduce the required number of base station. Moreover, we apply the Newton method to hybrid model for the minimization of estimation error. Newton method uses the first and the second derivative function of the objective function to find the optimal solution. The organization of this paper is as follows. In Section II, the localization models using RSS and AOA measurements are derived separately. With the combination of each localization model, the hybrid model is acquired as a simple matrix form. Section III derives the objective function that denotes the amount of estimation error based on hybrid localization model. Moreover, Newton method based iteration process is applied to objective function. Newton method obtains the optimal solution of location estimation with the minimization of estimation error. Some simulations show the localization performance of our proposed method in Section IV. Finally, conclusion is expressed in Section V.
II. LOCALIZATION USING RSS-AOA MEASUREMENTS
Hybrid localization using different types of the measured wireless signal data is an efficient method for estimation of a target location. Location estimation method using at least two measurements has advantages such as high localization accuracy. Moreover, localization is feasible with the restricted base station number through hybrid method. In this paper, hybrid localization method using the measured RSS and AOA data is suggested. The formulations of localization models based on RSS and AOA measurements are implemented separately and these two models are combined into the hybrid localization formula at the end of Section II.
A. RSS Measurement Based Localization Model
The relationship between the transmitted signal power from a target to i-th base station and the received signal power, denoted by , 
Under the assumption that RSS value i r is correct in accordance with the distance, equation ( 
The vector θ is the solution of the formulated RSS based localization model. In real case, the estimated location is different from the true location of a target since the parameter RSS Z is affected by the measurement noise.
B. AOA Measurement Based Localization Model
The AOA data of the propagated wireless signal from a target measured by i-th base station can be formulated with the locations of a target and a base station as follows: 
The matrix form of equation (6) can be acquired as a following equation.
where ( ) 
The matrix AOA B and the vector AOA Z contain the noise factor since the AOA measurement i σ differs from the true angle of the propagation signal arrival under the real environment. An inaccuracy of localization is caused by these differences between a measurement and a true AOA data.
C. RSS-AOA Hybrid Localization Model
It is obvious that the combination of RSS and AOA measurements can improve the localization performance and reduce the number of required base stations. The hybrid localization equation using RSS and AOA measurements can be acquired by combining (4) and (7) as follows:
where
In (8), the parameter 0 is an 1 M × column vector in which all components are zeros. With M base stations, the location of a target can be estimated precisely with 2M
International Journal of Materials, Mechanics and Manufacturing, Vol. 7, No. 1, February 2019 measurement data set. However, the noise factors which are contained in parameters G and Z lead to localization inaccuracy. The optimal solution that minimizes the estimation error for a target localization using the Newton method is suggested in Section III.
III. NEWTON METHOD BASED LOCALIZATION SOLUTION
The optimal solution minimizes the error between the estimated location and the true location of a target. To acquire the optimal solution, the objective function that means the amount of estimation error needs to be formulated at first. Since the noisy elements in matrix G and vector Z from equation (8) cause the estimation discrepancy, the objective function ( ) f θ can be acquired as follows:
with ˆˆT x y R   =   θ as an estimated design variable vector.
Among the various optimization methods, Newton method is a generalized scheme for finding better approximations to the roots of a differential equation. Newton method uses the fact that the tangent line to a curve is a good approximation to the curve near the point of tangency. The gradient ( ) g θ and the Hessian matrix ( ) H θ can express the tangent line to acquire the optimal solution that minimizes the objective function represented by equation (9) . The gradient vector and the Hessian matrix can be acquired as follows: 
IV. SIMULATION RESULTS
In Section IV, the reliability of the RSS-AOA measurement based hybrid localization scheme using Newton method is confirmed through some simulations. The RSS and AOA data of an active radio signal from a target is assumed to be measured for localization at five base stations of which the locations are (0, 0), (0, 35), (50, 0), (50, 35), and (100, 0) km, respectively. The measurement errors of RSS and AOA data are assumed to follow the Gaussian distribution. The trajectory of the simulation has 210 time samples with one second interval. Moreover, the threshold parameter λ of the iteration stop condition is supposed to be 0.01 in our simulations. International Journal of Materials, Mechanics and Manufacturing, Vol. 7, No. 1, February 2019 Fig . 1 shows the estimated trajectory of a target using RSS-AOA based localization. The dotted line means the estimated trajectory and the solid line is the true trajectory of a target. The triangle symbol denotes the base stations. As shown in this figure, the estimated trajectory of a target using the proposed hybrid localization based on Newton method is almost the same with a true trajectory. In Fig. 2 , the root mean square error (RMSE) changes of estimated target location with respect to the iteration process is demonstrated when the real location of a target is (45, 20) km. The RMSE of estimation converges to a minimized error which is calculated by the optimal solution of an objective function, denoted by equation (9) .
V. CONCLUSIONS
The Newton method based optimal solution for hybrid localization model using RSS-AOA measurement was suggested in this paper. The hybrid localization model was formulated with the combination of respective RSS and AOA based localization model. RSS and AOA data measured from base stations include the measurement noise that causes the estimation inaccuracy of a target location. In order to obtain the precise location of a target, we formulated the objective function that represents the scalar error and obtained the optimal solution of this objective function through Newton method based iteration process. The localization performance of our proposed hybrid scheme was confirmed through some simulation results.
